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(57) Abstract 

A percutaneous, system for bypassing 
a restriction (26)* in fa native vessel (20) of 
a mammal having an aorta (14) includes 
providing a graft (34) having a body portion 
with a first end, a second end and a lumen 
therebetween. An aperture is formed in the 
aorta (14). The graft (34) is inserted into the 
aorta (14) and the first end of the graft (34) is 
connected to the aorta (14) about the aperture 
in the aorta. An aperture is then formed in 
the native vessel (20) distal of the restriction 
(26). The second end of the graft (34) is 
connected to the native vessel (20) about the 
aperture therein such that the lumen in the 
graft (34) communicates with the aorta (14) 
and the native vessel (20). 
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SYSTEM AND METHOD FOR PERCUTANEOUS CORONARY 

ARTERY BYPASS 

BACKGROUND OF THE INVENTION 

The present invention generally deals with 
5 vascular bypass methods. More specifically, the present 
invention deals with systems for performing percutaneous 
coronary artery bypass procedures. 

Coronary arteries can become partially 
restricted (stenotic) or completely clogged (occluded) 

10 with plaque, thrombus, or the like. This reduces the 
efficiency of the heart, and can ultimately lead to a 
heart attack. Thus, a number of different systems and 
methods have been developed for treating stenotic or 
occluded coronary arteries . 

15 Two methods which have been developed to treat 

occlusions and stenosis include balloon angioplasty and 
pharmacological treatment. However, where the occlusion 
is quite hard, it can be quite difficult, if not 
impossible, to cross the occlusion with an angioplasty 

20 device. In addition, some coronary stenosis are to 
diffuse to treat effectively with balloon angioplasty. 
Unfortunately, such occlusions are not readily 
susceptible to dissolution with chemicals either. In 
the past, patients with these types of occlusions have 

25 been candidates for open heart surgery to bypass the 
restrictions . 

However, open heart surgery includes a myriad 
of disadvantages. Open heart surgery typically includes 
a great deal of postoperative pain. The pain is 

30 normally encountered because conventional open heart 
surgery requires that the sternum be cracked open, which 
is quite painful. Also, open heart surgery typically 
involves bypassing the occluded vessel, which, in turn, 
involves harvesting a vein from another part of the body 
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for use as the bypass graft. One common source for the 
bypass graft is the saphenous vein which is removed from 
the leg. Harvesting the saphenous vein requires the 
surgeon to cut and peel the skin back from an area of 
5 the leg which is approximately 18 inches long and which 
extends upward to the groin area. This can be very 
traumatic and painful. Further, open heart surgery 
requires quite a lengthy recovery period which involves 
an increased hospital stay, and, consequently, greater 
10 expense. 

Other than the pain and more lengthy hospital 
stay, open heart surgery involves other disadvantages as 
well. For example, during open heart surgery, it is 
common to cool the heart to a point where it stops. The 

15 blood from the remainder of the vasculature is then 
pumped through a pulmonary and cardiac bypass system. 
Any time the heart is stopped, there is a danger of 
encountering difficulty in restarting the heart (which 
is typically accomplished by warming the heart and 

20 massaging it). Further, even if the heart is restarted, 
it sometimes does not return to a correct rhythm. Also, 
open heart surgery can require the use of a device known 
as a left ventricular assist device (LVAD) to 
supplementally pump blood to relieve the burden on the 

25 heart. This allows the heart to heal. 

A significant reason that the heart is 
typically stopped during open heart surgery is that, if 
it were not stopped, the surgeon would be working in a 
dynamic environment. In such an environment, the target 

30 vessels and tissue to be treated are moving. Further, 
a system must be employed in such an environment to stop 
bleeding. Clinical studies indicate that, when blood 
flow is stopped using clamping devices and blood flow is 
diverted to a cardiac bypass system, a statistically 
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significant instance of neurological problems caused by 
blood clotting results • The use of mechanical clamps to 
stop blood flow, and the use of a mechanical bypass 
system, results in an approximate six percent instance 
5 of neurological problems, such as stroke, memory 
failure, etc. 

Given the difficulties of the techniques 
discussed above, another approach has been developed 
which does not require stoppage of the heart or an open 

10 chest during execution. This approach is to perform p 
bypass using a minimally invasive technique by entering 
the upper chest cavity, through a hole between ribs 
under visual observation. Such a technique is often 
referred to as minimally invasive direct coronary artery 

15 bypass (MIDCAB) (where the heart is not stopped) or 
heart port (where the heart is stopped). Such a system 
which is used to perform a bypass is disclosed in the 
Sterman et al. U.S. Patent No. 5,452,733. 

SUMMARY OF THE INVENTION 

20 A percutaneous system for bypassing a 

restriction in a native vessel of a mammal having an 
aorta includes providing a graft having a body portion 
with a first end, a second end and a lumen therebetween. 
An aperture is formed in the aorta. The graft is 

25 inserted into the aorta and the first end of the graft 
is connected to the aorta about the aperture in the 
aorta. An aperture is then formed in the native vessel 
distal of the restriction. The second end of the graft 
is connected to the native vessel about the aperture 

30 therein such that the lumen in the graft communicates 
with the aorta and the native vessel. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1A-5 illustrate a system and method of 

■ 

percutaneous ly performing a coronary artery bypass 
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procedure in accordance with one aspect of the present 
invention, 

FIG. 6A illustrates a system for locating an 
anastomosis site in a native artery in accordance with 
another aspect of the present invention. 

FIG, 6B illustrates a system for locating an 
anastomosis site in a native artery in accordance with 
another aspect of the present invention. 

FIGS. 7-9F illustrate a system and method of 
deploying a coronary artery bypass using stents in 
accordance with the present invention. 

FIGS. 10-12 illustrate a system and method 
used in performing a coronary artery bypass in 
accordance with another aspect of the present invention. 

FIGS. 13 and 14 illustrate a system and method 
for forming an anastomosis in a coronary artery bypass 
procedure in accordance with the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

FIG. 1A illustrates a portion of vascular 
20 system 10. Vascular system 10 includes heart 12, aorta 
14 (which includes ascending aorta 16 and descending 
aorta 18) and a restricted artery such as a coronary 
artery (native vessel) 20 , only a portion of which is 
shown in FIG. 1A. Native vessel 20 is shown having a 
25 proximal portion 22 and a distal portion 24 with a 
partial or total restriction 26 (illustrated in FIG. 1A 
as an occlusion) therebetween. In accordance with one 
aspect of the present invention, occlusion 26 is 
bypassed in native vessel 20 by forming an aperture in 
30 aorta 14 and in native vessel 16. A graft is placed 
between the two apertures and an anastomosis is formed 
in the aorta and in native vessel 20 such that the graft 
communicates with the aorta and with the distal portion 
24 of native vessel 20 (distal of occlusion 26). 



10 



15 
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Guide catheter 28 is first placed in aorta 14. 
In the preferred embodiment, guide catheter 2 8 enters 
the vasculature through a femoral artery and is passed 
through the vasculature, through descending aorta 18 and 
5 into a region proximate ascending aorta 16. Then, a 
cutting or boring device 30 is inserted through guide 
catheter 28. In the preferred embodiment, cutting 
device 30 is a guidewire or catheter having a cutting 
edge or cutting tip disposed at the distal end 32 

10 thereof. Cutting device 30 is advanced through guide 
catheter 28 and out the distal end of guide catheter 28 
and brought into contact with a portion of aorta 14 
where an aperture is to be formed. Cutting device 30 is 
used to make an incision in the wall of the aorta. 

15 While FIG. 1A illustrates cutting device 30 

forming an incision in the right side of ascending aorta 
16, the present invention contemplates forming an 
incision on any side of any portion of aorta 14 . It is 
preferred that, when treating a diseased vessel on the 

20 right side of aorta 14, cutting device 30 forms an 
incision on the right side of aorta 14, and when 
treating a diseased vessel on the left side of aorta 14, 
cutting device 30 forms the incision on the left side of 
aorta 14. Also, while native vessel 20 is referred to 

25 herein as a coronary artery, the present invention can 
be used to treat substantially any diseased vessel 20. 

In one embodiment, prior to making an incision 
in the wall of aorta 14, if the heart is stopped in 
order to prevent bleeding from the aorta after the 

30 incision is made. If the heart is stopped, it is 
preferably stopped using a known thoracic approach. 

However, in the preferred embodiment, the 
heart is not stopped. Rather, blood flow through the 
incision in aorta 14 is prevented by other means. FIG. 
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1B illustrates one embodiment of a system for isolating 
the wall region of aorta 14 where the incision is made. 

Prior to making the incision in the wall of 
aorta 14 (either before or after cutting device 30 is 
5 advanced to the wall of aorta 14) isolation device 31 is 
advanced through aorta 14 to the wall region of the 
aorta where the incision is to be made. In one 
preferred embodiment, isolation device 31 is advanced 
through guide catheter 28. In the preferred embodiment, 

10 the tubular portion 33 of isolation device 31 extends 
proximal ly through guide catheter 28 to a vacuum pump or 
other device suitable for drawing a vacuum therethrough. 
Isolation device 31 preferably includes a catheter or 
tubular portion 33, a portion of which is shown in FIG. 

15 IB. Isolation device 31 also includes a distal end 35 
which is placed in abutting arrangement with the wall 
region of aorta 14 where the incision is to be made. • 

In operation, after the distal end 35 of 
isolation device 31 is advanced to be adjacent the wall 

20 of aorta 14, the suction or vacuum device is actuated 
which pulls a vacuum through catheter portion 33 of 
isolation device 31 causing a vacuum to be created at 
the distal end 35 of isolation device 31. This causes 
a suction to occur in the distal end of isolation device 

25 31 which draws the distal end 35 of isolation device 31 
against the wall of aorta 14. This also removes blood 
from the region of the wall of the aorta where the 
incision is to be made and precludes additional blood 
flow from entering that area. Thus, a clear working 

30 space is created adjacent the wall of aorta 14 such that 
the incision can be made without a substantial amount of 
blood being released from the aorta 14 through the 
incision. 



WO 98/38941 PCT/US98/04142 

- . - 

-7- 

FIG. 1C is an end view of isolation device 31 
taken from the distal end 35 of isolation device 31. 
FIG, 1C illustrates that distal end 35 of device 31 
includes a radially expandable cone structure with a 
5 flexible ring 37 expandable and deployable therein. 
Ring 37 is preferably formed of a suitable polymer or 
other material which has a plurality of apertures 39 
formed therein- Apertures 39 are connected through an 
interior lumen (shown in greater detail in FIG. IB) to 

10 the proximal suction or vacuum device. When a vacuum is 
pulled through apertures 39, suction is formed between 
ring 37 and the wall of aorta 14 to hold ring 37 
adjacent, and abutting against, the wall of aorta 14. 
FIG. 1C also illustrates that device 31 has an inner 

15 lumen 41 therethrough. In the preferred embodiment, 
once the clear working area adjacent the wall of aorta 
14 is established, the cutting device 30 (and any other 
devices used in the procedure in accordance with the 
present invention) are advanced through lumen 41 as 

20 required. 

FIG. ID is a cross-sectional view of device 31 
taken along section lines ID-ID as shown in FIG . 1C. 
FIG. ID illustrates that, in the preferred embodiment, 
isolation device 31 has an annular lumen 43 which 

25 extends proximally to the suction or vacuum device, and 
also communicates with the interior of flexible, 
expandable ring 37. The remainder of the present 
description proceeds with isolation device 31 removed 
from the figures, for the sake of clarity. 

30 In another preferred embodiment, a low 

pressure vacuum is pulled through a guide catheter which 
has a flared distal end and a seal on a proximal end 
thereof. The sealed proximal end is preferably of the 
type which allows devices to be inserted therethrough 
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while substantially maintaining a low pressure vacuum 
seal. Thus, the guide catheter forms a substantially 
sealed chamber in which the work is performed. It 
should also be noted that any other suitable isolation 
5 device can be used to prevent blood from flowing out of 
aorta 14 through the incision in the wall of aorta 14. 

FIG. 2 is similar to FIG. 1, and similar items 
are similarly numbered. However, FIG. 2 shows that 
graft assembly 34 has been advanced to the distal end of 

10 guide catheter 28, and proximate the distal end 32 of 
cutting device 30. In one preferred embodiment, graft 
assembly 34 tracks over cutting device 30. However, 
graft assembly 34 can also move within cutting device 30 
where cutting device 30 is a cutting catheter. Graft 

15 assembly 34 can also move adjacent cutting device 30 
within guide catheter 28. 

In any case, and in one preferred embodiment/ 
graft assembly 34 includes coupler 36 and graft section 
38. Coupler 36 is preferably a biologically compatible 

20 coupling device which has an insertion portion 40 and an 
annular shoulder 42. In the preferred embodiment, graft 
section 38 is preferably either a biologically 
compatible, artificial graft material (such as PTFE 
material) , or a section of a human vein, such as a 

25 saphenous vein graft. Graft section 38 preferably has 
a first end 44 and a second end 46 with an inner lumen 
defined therebetween. Upon being inserted, graft 
section 38 is preferably inverted, or inside out, such 
that the normal inner lumen wall forms the outer wall of 

30 the graft section, while the normal outer wall forms the 
inner lumen wall of the graft section. 

FIG. 3 illustrates graft section 38 being 
deployed between aorta 14 and native vessel 20. First, 
coupler 36 is placed in the aperture formed by cutting 
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device 30 such, that insertion portion 40 is inserted 
into the aperture and annular column 42 abuts, and rests 
against, an interior surface of the aortic wall. The 
second end 44 of graft section 38 remains connected to 
5 coupler 38. Graft section 38 is then pushed through 
coupler 36 until it comes out the opposite end of 
coupler 36. In this way, graft section 38 turns inside 
out to become non-inverted. FIG. 3 illustrates that 
graft section 38 is advanced through coupler 36 until 

10 substantially the entire graft section is outside aorta 
14 in a non-inverted position. 

FIG. 4 illustrates graft section 38 after it 
has been completely advanced through coupler 36 and is 
in a non-inverted position. Coupler 36 is shown seated 

15 within the aperture formed in aorta 14. FIG. 4 also 
shows the next step in bypassing occlusion 26. First, 
end 46 of graift section 38 is moved to a spot adjacent 
the outer wall of native vessel 20 distal of occlusion 
26. This spot can be located in any number of ways 

20 which will be described in greater detail later in the 
specification. End 46 of graft section 38 can be moved 
in the interstitial spaces between heart 12 and native 
vessel 20 also in a number of suitable ways, such as 
placing a guidewire therethrough with a maneuverable 

25 tip, or under the guidance of cutting device 30. In any 
case, once graft section 38 is located proximate native 
vessel 20 distal of occlusion 26, cutting device 30 is 
advanced through the lumen of graft section 38 to the 
portion of native vessel 20 distal of occlusion 26. 

30 Then, an aperture is formed in native vessel 20 through 
the use of cutting device 30. In a preferred 
embodiment, blood flow through native vessel 20 is 
completely occluded prior to making an incision therein. 
This can be done using occlusion balloons such as set 
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out in the patent applications incorporated herein 
above , or using other suitable techniques. 

After the aperture is formed in the wall of 
native vessel 20, end 46 of graft section 38 is 
5 connected to native vessel 20 proximate the aperture. 
In one preferred embodiment, end 46 is sutured to native 
vessel 20 using an intraluminal suturing catheter. 
Intraluminal suturing devices are described in greater 
detail in the following U.S. Patent Nos . 5 , 080, 663 

10 entitled SEWING DEVICE; 5,364,389 entitled METHOD AND 
APPARATUS FOR SEALING AND/OR GRASPING LUMINAL TISSUE; 
5,545,171 entitled ANASTOMOSIS CATHETER; and 5,591,179 
entitled ANASTOMOSIS SUTURING DEVICE AND METHOD and, 
which are hereby incorporated by reference. In another 

15 preferred embodiment, end 46 is advanced through the 
aperture in native vessel 20 and is placed in the distal 
portion 24 of native vessel 20. This is illustrated in 
FIG. 5. An anastomosis is then formed such that end 46 
of graft section 38 is connected within distal section 

20 24 of native vessel 20. The anastomosis can be formed 
in any suitable manner, such as with the placement of a 
stent, suitable adhesive, including biological 
adhesives, the application of growth factors, or other 
suitable anastomosis techniques. In this way, blood 

25 flows through aorta 14, in through coupler 36, through 
graft section 38, and to the portion of native vessel 20 
distal of occlusion 26. Occlusion 26 is thus bypassed. 
The end 46 of graft section 38 in the distal portion 24 
of native vessel 20 and coupler 36 eventually become 

30 permanently coupled within the vessels in which they are 
seated . 

FIGS. 6A and 6B illustrate two embodiments in 
which the region 24 distal of occlusion 26 in native 
vessel 20 is located such that the aperture can be 
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formed in distal section 24 and such that end 46 of 
graft section 38 can be placed appropriately. 

In FIG. 6A, graft section 38 is shown having 
a positioning device 50 therein. In the embodiment 
5 shown in FIG. 6A, positioning device 50 includes an 
array of active transmitters 52 coupled to a convective 
wire or fiber. In the preferred embodiment, active 
transmitters 52 include ultrasound transmitters, radio 
frequency transmitters, a plurality of point light 

10 sources, or a single intense point light source, or an 
electro-magnetic transmitter (such as where current is 
selectively applied to a coil to induce a magnetic field 
thereabout). FIG. 6A also includes receiver device 54 
which is located in parent vessel 20. Receiver device 

15 54 is preferably compatible with transmitter array 52 so 
that it can receive the signals provided by transmitter 
array 52. 

For instance, where transmitters 52 include an 
inductive magnetic coil, receiver device 54 includes a 

20 magnetic sensor array to receive the signals induced in 
the coil. Where transmitter array 52 includes an 
ultrasound transmitter, receiver 54 includes an 
ultrasound imager so that the relative positioning of 
receiver device 54 and transmitter array 52 can be 

25 determined. Where transmitter 52 includes a single 
point light source, or an array of point light sources, 
receiver device 54 includes a photodiode array or an 
imaging fiber optic bundle which can detect the light 
emitted by the light sources. In addition, where 

30 transmitters 52 include an RF transmitter, receiver 
device 54 includes a directional antenna. In any of the 
above cases, or similar cases, the relative position 
between transmitters 52 and receiver 54 can be 
determined so that end 46 of graft section 38 can be 
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properly located adjacent parent vessel 20 relative to 

stenosis 26. 

FIG. 6B is similar to FIG. 6A except that 
receiver device 54 (or detector 54) and transmitter 
5 device 50 are switched such that the receiver device 54 
is located in the graft section 38, while the 
transmitter device 50 is located in the native vessel 
20. The location system is operated similarly to that 
described with respect to FIG. 6A, and the relative 

10 position of the native vessel 20 and the tip of the 
graft section 38 are determined. 

Alternatively, of course, graft section 38, or 
a wire inserted therethrough can have radiopaque markers 
on the distal ends thereof. In addition, a radiopaque 

15 marker can be inserted within vessel 20 distal of 
restriction 26. In that embodiment, bi-plane 

fluoroscopy is used for three dimensional localization 
in order to bring radiopaque markers located in vessel 
20 and either in graft 38 or on the distal end of graft 

20 38 together. 

FIGS. 7-9F illustrate another aspect in 
accordance with the present invention. Similar items to 
those shown in the earlier figures are similarly 
numbered. However, system 10 shown in FIGS . 7-9F 

25 include a graft assembly 60 which has first end 62 , 
second end 64, and graft body portion 66 which extends 
between ends 62 and 64 and defines a lumen therebetween. 
FIG. 7 illustrates graft assembly 60 deployed between 
aorta 14 and native vessel 20. First end 62 includes an 

30 expandable stent 68 for anchoring first end 62 within 
aorta 14. Second end 64 also includes an expandable 
stent 70 for use in anchoring second end 64 within 
native vessel 20. 
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FIG. 8 illustrates graft assembly 60 in 
greater detail. FIG. 8 shows that,, in the preferred 
embodiment , stents 6 8 and 7 0 are formed of an 
expandable, woven, braided or mesh material which can be 
5 selectively expanded to have a preselected outer 
diameter which approximates the inner diameter of the 
vessel or aperture within which it is deployed. End 62 
of graft body portion 68 is preferably attached to 
either the outer or inner surface of stent 68, and end 

10 64 of graft assembly 60 is preferably attached to either 
the outer or inner surface of expandable stent 70. The 
connection between the stents and the graft body portion 
66 can be accomplished in any number of suitable ways, 
such as through the use of an appropriate adhesive, such 

15 as weaving the stent directly into the graft material, 
such as by forming a frictional fit therebetween, or by 
utilizing another suitable connection mechanism. 

FIGS. 9A-9F illustrate in greater detail the 
manner in which a graft assembly 60 is deployed within 

20 aorta 14 and in native vessel 20. First, a clear 
working area adjacent the wall of the aorta is isolated 
from blood flow in aorta 14. This can be done using, 
for instance, device 31 described earlier in the 
specification. Also, blood flow through vessel 20 is 

25 stopped. 

Systems for stopping blood flow have included 
occluding balloons. Occluding balloons have a fairly 
low instance of emboli formation, and therefore have a 
fairly low instance of neurological problems which 
30 result from the formation of emboli. 

In any case, a guide catheter, such as guide 
catheter 28, is placed in aorta 14, and a guidewire 71 
is advanced through the guide catheter. A cutting probe 

► » 

having the tip 72 shown in FIG. 9A is advanced over the 
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guidewire. Tip 72 includes a cutting needle 74 and a 
dialator sheath 76, and a catheter 73 is used to advance 
tip 72 over wire 71. In the preferred embodiment, 
needle 74 is used to make an incision in the wall 78 of 
5 aorta 14. Dialator 76 is then advanced through the 
incision 74. Catheter 73 is preferably a fully 
articulated, catheter with an ultrasonic tip, or with a 
fiber optic tip, or with another suitable means of 
observing the tip 72 during movement thereof. 
10 In any case, tip 72 is moved adjacent native 

vessel 20. Needle 74 is then again advanced over wire 
71 and native vessel 20 is pierced. Wire 71 is advanced 
into the native vessel 20 and contrast fluid is 
preferably injected to verify the position of tip 72 
15 distal of occlusion 26 in native vessel 20. Wire 71 is 
held in place in the native vessel 20 as shown in FIG. 
9B and the remainder of tip 72 is removed. Ah 
introducer tip 80 along with graft assembly 62, is then 
placed over wire 71. Introducer tip 80 is advanced 
20 through aortic wall 78 and through the aperture in 
native vessel 20 and carries with it graft assembly 62 
to the position shown in FIG. 9B. Proper placement of 
stent 70 within native vessel 20 is verified through the 
injection of contrast medium. 
25 A balloon catheter system, either inserted 

along with graft assembly 62, or after graft assembly 62 
is located in the position shown in FIG. 9B, is then 
deployed. The balloon catheter system is shown in 
greater detail in FIG. 9C. Balloon catheter system 82 
30 includes distal balloon 84, intermediate balloon 86, and 
proximal balloon 88. The balloons are spaced such that, 
when properly deployed, distal balloon 84 lies within 
stent 70, and proximal balloons 86 and 88 lie on the 
opposite side of the aortic wall 78, within stent 68. 
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Alternatively, the different balloons can be 
independently movable and positioned relative to one 
another . 

When balloon 84 is in place, within native 
5 vessel 21 and inside stent 70, it is inflated as shown 
in FIG. 9C. This causes stent 70 to expand to have an 
outer diameter which approximates the inner diameter of 
native vessel 20 and thus becomes anchored therein. 
Balloon 84 is then deflated, and introducer tip 80 is 

10 removed from the system. 

Intermediate balloon 86 is then inflated. 
This causes a distal section of stent 70 to expand, as 
shown in FIG. 9E, to have an outer dimension which is as 
large as, or slightly larger than, the incision formed 

15 in aortic wall 78. This prevents retrograde movement of 
stent 70 back into aorta 14. Balloon 88 is also 
inflated. As shown in FIG. 9E, balloon 88 is preferably 
relatively large so that it expands the proximal portion 
of stent 70 until it is deployed radially outwardly and 

20 substantially lies against the interior of aortic wall 
78. In other words, the proximal portion of stent 70 
mushrooms against the interior region of the aorta. In 
this way, balloons 86 and 88 deform stent 70 to inhibit 
substantial movement of stent 70 in the incision formed 

25 in the wall of the aorta. 

Balloons 86 and 88 are then deflated and the 
core of the delivery syistem, including the catheter 
supporting balloons 86 and 88, and including wire 71, 
and any other portions of introducer tip 72, are 

30 removed. Such removal is facilitated by the deployment 
of the stents 68 and 70 which creates adequate clearance 
for removal of the remainder of the system. The 
injection of contrast medium is then used to verify that 
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the bypass is not leaking, and the patient's heart (if 
it was stopped) is then restarted. 

FIG. 9F shows deployment of stents 68 and 70 
using balloons 84, 86 and 88, along with one preferred 
5 embodiment of a positioning device for use in 
positioning stent 70 in native vessel 20. The 
positioning device shown can preferably be any of the 
positioning devices already discussed, such as a point 
light source which is observed using a fiber optic 
10 bundle to accomplish placement of stent 70. 

FIGS. 10-12 illustrate another aspect of the 
present invention. Similar items to those shown in 
earlier figures are similarly numbered. The system 
shown in FIG. 10 includes wire 92 and snare 94. In the 
15 preferred embodiment, distal tip 96 of wire 92 includes 
a cutting end, or another similar end, which can be used 
to cross occlusion 26. The distal tip 96 is thus moved 
distally of occlusion 26 and is used to pierce native 
vessel 20 distal of occlusion 26. Snare 94 is advanced 
20 through the vasculature percutaneous ly, to reside within 
aorta 14. This can be done using guide catheter 28 or 
other suitable advancement techniques. Snare 24, once 
positioned appropriately within aorta 14, is used to 
pierce the aorta and the distal tip of snare 94 is 
25 advanced through the aortic wall. 

Then, as shown in FIG. 11, snare 94 is used to 
capture the distal tip 96 of wire 92. Distal tip 96 of 
wire 92 is then pulled back through the aperture in the 
aorta with snare 94 such that wire 92 extends all the 
30 way from within the distal portion 24 of native vessel 
20, up through the aperture in aorta 14, and into the 
interior of aorta 14. Catheter 96, which preferably 
includes a removable tip portion 98, is advanced into 
the aorta over snare 94. In one preferred embodiment, 
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the internal diameter of catheter 96 is approximately 
0.035 inches. The detachable tip portion 98 of catheter 
96 has a distal end 100 and a proximal end 102. Both 

♦ 

ends 100 and 102 are preferably covered with a substance 
5 which enhances the formation of a tissue encapsulation 
thereover to provide an anastomosis. In one preferred 
embodiment, tips 100 and 102 are provided with a mesh 
thereover to encourage tissue growth thereon. 

FIG. 12 shows that tip 98 is advanced over 

10 snare 94, and then wire 92, until end 100 resides within 
the inner lumen of native vessel 20, and so that end 102 
resides within the aorta 14. Tips 100 and 102 can 
either be expanded such that they deploy radially 
outwardly and lies against the interior wall of the 

15 native vessel 20 and aorta 14, respectively, or they can 
simply extend inwardly into native vessel 20 and aorta 
14. In any case, once the graft is properly placed-, 
snare 94 is manipulated to release distal tip 96 of wire 
92, and the snare 94 and wire 92 are removed leaving the 

20 graft in place. 

FIGS. 13 and 14 illustrate yet another aspect 
of the present invention. For the purposes of 
illustration of this aspect of the invention, a distal 
tip portion 104 of a graft 106 is shown deployed within 

25 distal portion 24 of native vessel 20. In the 
embodiment shown in FIGS. 13 and 14, tip 104 includes 
the distal region of either a man made graft, or a 
saphenous vein graft, or a similar graft section, along 
with a stent 108 located therein. Stent 108 can either 

30 be attached at its outer surface, or its inner surface, 
to the tip of graft 106. 

In any case, the outer diameter of tip 104 
preferably includes sheath 110. Sheath 110 preferably 
has an inner radial surface 112 which is impermeable to 
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fluid flow, and an outer surface 114 which is 
semipermeable to fluid flow. Sheath 110 preferably 
includes a central portion 120 between inner surface 112 
and outer surface 114 which contains either a substance 
5 suitable to enhance an anastomosis at that site, or 
another suitable drug. Once tip 104 is suitably located 
in distal region 24 of native vessel 20, inflatable 
balloon 116, supported by a balloon catheter 118, is 
inserted through graft 106 and into the interior of 

■ • 

10 stent 108. Balloon 116 is then inflated to deploy stent 
108 radially outwardly such that the outer diameter of 
tip 104 expands to a sufficient extent that it 
approximates the inner diameter of native vessel 20 and 
tightly fits therein. 

15 Upon expansion of balloon 116, which is 

illustrated in FIG. 14, the outer surface 114 of sheath 
110 is preferably rendered discontinuous (or broken) to 
release the substance carried by intermediate region 120 
of sheath 110. In one preferred embodiment, the 

20 substance contained by region 120 of sheath 110 includes 
an adhesive which cures with the passage of time once 
stent 108 is deployed in vessel 20. This enhances 
anchoring of tip 104 within vessel 20. In another 
preferred embodiment, growth factors are contained 

25 within sheath 110 which also enhance an anastomosis in 
that region. In yet another embodiment, lesion-treating 
drugs are contained in sheath 110 such that, upon their 
release, they assist in dissolving, or otherwise 
treating, occlusion 26. 

30 It should be noted that, in one preferred 

embodiment, extra working space can be created in the 
chest cavity in order to facilitate manipulation of the 
various devices described herein. According to one 
aspect of the present invention, a needle or cutting tip 
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catheter is used to form an incision in the aorta as 
described above. Then, one of a number of things is 
used to create additional working space. For instance, 
a balloon may preferably be advanced through the hole in 
5 the aorta and expanded in the interstitial spaces 
proximate thereto to create additional working space. 
Also, bioabsorable, or removable, material can 
optionally be injected through the aperture in the aorta 
to expand the area thereabout and create additional 

10 working space. These features would preferably be used 
in order to replace C0 2 injection which is used in, for 
instance, laproscopic surgery. 

Further, it should be noted that bifurcated 
stent grafts can be used in accordance with the present 

15 invention. Such grafts are described in greater detail 
in the patent applications incorporated herein by 
reference. 

Thus, it can be seen that the present 
invention involves a system by which coronary artery 
20 bypass procedures can be executed substantially 
percutaneous ly. This serves to significantly reduce the 
disadvantages associated with prior treatment 
techniques . 

Although the present invention has been 
25 described with reference to preferred embodiments, 
workers skilled in the art will recognize that changes 
may be made in form and detail without departing from 
the spirit and scope of the invention. 
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WHAT IS CLAIMED IS: 

1 . A method of bypassing a restriction in a 
native vessel of a mammal having an aorta, the method 
comprising: 

providing a graft having a body portion with 
a first end, a second end and a lumen 
therebetween; 

forming an aperture in the aorta; 

inserting the graft into the aorta; 

connecting the first end of the graft to the 
aorta about the aperture in the aorta; 

advancing the body portion of the graft 
through the aperture in the aorta; 

forming an aperture in the native vessel 
distal of the restriction; and 

connecting the second end of the graft to the 
native vessel about the aperture therein 
such that the lumen in the graft 
communicates with the aorta and the 
native vessel. 

2. The method of claim 1 wherein inserting the 
graft into the aorta comprises: 

inserting the graft into the aorta in an 
inverted position and wherein advancing 
the body portion of the graft through 
the aperture in the aorta comprises : 
advancing the graft through the aperture 
in the aorta after the first end of 
the graft is attached to the aorta 
such that the graft becomes non- 
inverted. 

3. The method of claim 1 wherein forming an 
aperture in the aorta comprises: 



WO 98/38941 PCT/US98/04142 

-21- 

isolating a region of the aorta from blood 

flow through the aorta; and 
forming the aperture in the isolated region, 
4. The method of claim 3 wherein isolating a 

region of the aorta comprises: 

positioning a catheter with a distal end 

thereof against the region to be 

isolated; and 
drawing a vacuum through the catheter causing 

the distal end of the catheter to abut 

against the region to be isolated. 
5 • The method of claim 1 wherein forming an 

aperture in the native vessel comprises: 

positioning the second end of the graft 

proximate a region of the native vessel 

distal of the restriction; 
inserting a cutting device through the aorta 

and through the lumen in the graft; and 
cutting the aperture in the native vessel 

with the cutting device, 

6. The method of claim 1 wherein forming an 
aperture in the native vessel comprises: 

advancing a cutting device through the native 
vessel across the restriction to a 
region distal of the restriction; and 

cutting the aperture in the native vessel 
with the cutting device • 

7 . The method of claim 1 wherein connecting the 
second end of the graft to the native vessel, comprises: 

advancing a suturing catheter through the 
aorta and through the lumen of the 
graft; and 
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suturing the second end of the graft to the 
native vessel with the suturing 
catheter. 

8. The method of claim 1 wherein providing a 
graft comprises: 

providing the graft having a coupler 
connected to the first end of the body 
portion, the coupler having an insertion 
end and a shoulder portion with a lumen 
running through the insertion end and 
the shoulder portion, the lumen in the 
coupler communicating with the lumen in 
the body portion; and 

wherein connecting the first end of the graft 
to the aorta includes inserting the 
insertion end of the coupler into the 
aperture in the aorta such that the 
shoulder portion abuts an inner surface 
of the aorta proximate the aperture in 
the aorta. 

9. The method of claim 8 wherein advancing the 
body portion of the graft through the aperture in the 
aorta comprises: 

advancing the body portion of the graft 
through the lumen of the coupler. 

10. The method of claim 1 wherein providing a 
graft comprises: 

providing a first expandable stent in the 
second end of the graft; and 

wherein connecting the second end of the 
graft to the native vessel includes 
inserting at least a portion of the 
first stent through the aperture in the 
native vessel and deploying the first 
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stent to connect the second end of the 
graft within the native vessel. 

11. The method of claim 10 wherein providing a 
graft includes providing a second stent in the first end 
of the graft and wherein connecting tne first end of the 
graft to the aorta comprises: 

positioning the second stent such that a 
first expandable portion is outside the 
aorta and a second expandable portion is 
within the aorta; and 

expanding the first and second expandable 
portions of the second stent to have 
outer diameters at least as large as the 
aperture in the aorta to anchor the 
first end of the graft in the aorta. 

12. The method of claim 11 wherein expanding the 
first and second expandable portions comprises: 

expanding the second expandable portion such 
that it deploys radially outwardly to 
lie against an interior wall of the 
aorta about the aperture in the aorta. 

13. The method of claim 1 and further comprising, 
before connecting the second end of the graft to the 
native vessel, positioning the second end of the graft 
proximate a region of the native vessel distal of the 
restriction. 

14. The method of claim 13 wherein positioning the 
second end of the graft comprises: 

injecting contrast medium through the graft 
and through the region of the native 
vessel distal of the restriction; and 

moving the second end of the graft based on 
observation of the contrast medium. 
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15- The method of claim 13 wherein positioning the 

second end of the graft comprises: 

providing radiopaque markers proximate the 
second end of the graft and distal of 
the restriction in the native vessel; 
and 

moving the radiopaque markers toward one 
another under fluoroscopic observation. 

16. The method of claim 13 wherein positioning the 
second end of the graft comprises: 

placing an emitter in one of the region of 
the native vessel distal of the 
restriction and the second end of the 
graft, the emitter emitting location 
signals; 

placing a sensor in another of the region of 
the native vessel distal of the 
restriction and the second end of the 
graft, the sensor sensing the location 
signals and providing an output 
indicative of the location signals 
sensed; and 

moving the second end of the graft based on 
the output from the sensor. 

17. The method of claim 16 wherein placing an 
emitter comprises : 

placing a light emitter in one of the region 
of the native vessel distal of the 
restriction and the second end of the 
graft; and 

wherein placing a sensor comprises placing a 
fiber optic bundle in another of the 
region of the native vessel distal of 
the restriction and the second end of 
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the graft, the fiber optic bundle 
sensing light emitted by the light 
emitter and providing the output 
indicative of the light sensed. 

18. The method of claim 16 wherein placing an 
emitter comprises: 

placing an ultrasound emitter in one of the 
region of the native vessel distal of 
the restriction and the second end of 
the graft; and 

wherein placing a sensor comprises placing an 
ultrasound imager in another of the 
region of the native vessel distal of 
the restriction and the second end of 
the graft, the ultrasound imager sensing 
ultrasound signals emitted by the 
ultrasound emitter and providing the 
output as an ultrasound image indicative 
of the ultrasound signals sensed. 

19. The method of claim 16 wherein placing an 
emitter comprises: 

placing an electromagnetic signal emitter in 
one of the region of the native vessel 
distal of the restriction and the second 
end of the graft; and 

wherein placing a sensor comprises placing an 
electromagnetic sensing array in another 
of the region of the native vessel 
distal of the restriction and the second 
end of the graft, the electromagnetic 
sensing array sensing electromagnetic 
signals emitted by the electromagnetic 
signal emitter and providing the output 



WO 98/38941 PCT/US98/04142 



-26- 

indicative of the electromagnetic 
signals sensed. 

20. The method of claim 16 wherein placing an 
emitter comprises: 

placing a radio frequency (RF) signal emitter 
in one of the region of the native 
vessel distal of the restriction and the 
second end of the graft; and 

wherein placing a sensor comprises placing an 
RF sensor in another of the region of 
the native vessel distal of the 
restriction and the second end of the 
graft, the RF sensor sensing RF signals 
emitted by the RF signal emitter and 
providing the output indicative of the 
RF signals sensed. 

21. The method of claim 13 wherein positioning the 
second end of the graft comprises: 

placing a first emitter in the region of the 
native vessel distal of the restriction 
and a second emitter in the second end 
of the graft, the first and second 
emitters emitting location signals; 

sensing the location signals and providing an 
operator perceptible output indicative 
of the relative location of the region 
of the native vessel distal to the 
restriction and the second end of the 
graft; and 

moving the second end of the graft based on 
the operator perceptible output from the 
sensor. 

22. The method of claim 1 wherein forming an 
aperture in the aorta comprises: 
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cutting the aperture in the aorta and 

» 

advancing a snare through the aperture 

in the aorta; and 
wherein forming an aperture in the native 

vessel comprises: 
advancing across the restriction a wire and 

forming the aperture in the native 

vessel with the wire. 

23. The method of claim 22 and further comprising: 

capturing a distal end of the wire with the 

snare; 

moving the distal end of the wire into the 

aorta with the snare; and 
advancing the graft over the wire between the 

aorta and the native vessel. 

24. The method of claim 10 wherein providing a 
first expandable stent includes: 

providing a sleeve on the first expandable 
stent, the sleeve having a chemical 
carrying region carrying chemicals; and 

wherein deploying the first expandable stent 
includes dispensing the chemicals from 
the chemical carrying region. 

25. The method of claim 24 wherein dispensing the 
chemicals comprises : 

dispensing biological adhesive. 

26. The method of claim 24 wherein dispensing the 
chemicals comprises : 

dispensing growth factors. 
27 . The method of claim 24 wherein dispensing the 

chemicals comprises: 

dispensing a drug. 
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28. A method of bypassing a restriction in a 
native vessel of a mammal having an aorta, the method 
comprising: 

providing a graft having a body portion with 
a first end, a second end and a lumen 
therebetween; 

forming an aperture in the aorta; 

advancing a snare through the aperture in the 
aorta; 

advancing across the restriction in the 
native vessel a wire and forming an 
aperture in the native vessel with the 
wire distal of the restriction; . 

capturing a distal end of the wire with the 
snare; 

■ 

moving the distal end of the wire into the 

aorta with the snare; and 
advancing the graft over the wire between the 

aorta and the native vessel. 

29. A method of bypassing a restiiction in a 
native vessel of a mammal having an aorta, the method 
comprising: 

providing a graft having a body portion with 

a first end, a second end and a lumen 

therebetween; 
providing a first expandable stent at the 

first end of the graft; 
providing a second expandable stent at the 

second end of the graft; 
forming an aperture in the aorta; 
forming an aperture in the native vessel 

distal of the restriction; 
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inserting the graft between the aperture in 
the aorta and the aperture in the native 
vessel; 

inserting at least a portion of the first 
stent through the aperture in the native 
vessel and deploying the first stent to 
connect the first end of the graft 
within the native vessel; 

positioning the second stent such that a 
first expandable portion is outside the 
aorta and a second expandable portion is 
within the aorta; and 

expanding the first and second expandable 
portions of the second stent to have 
outer diameters at least as large as the 
aperture in the aorta to anchor the 
first end of the graft in the aorta such 
that the lumen in the graft communicates 
with the aorta and the native vessel. 
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